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Multiple sclerosis is an inflammatory demyelinating disorder of the CNS. Since current 
treatments are aimed at nonspecifically downregulating inflammation, and natural 
mechanisms of repair and remyelination within the CNS are inadequate for recovery of 
function, multiple sclerosis patients presently only have available treatments that delay 
symptom progression. The complex nature of this disease means that only multifaceted 
treatments hold the promise of a cure. Recent studies indicate that the endoplasmic 
reticulum stress response, a cellular pathway that allows a cell to survive and recover from 
a stressful event, could be elicited to help the myelin-generating and myelin-support cells 
of the CNS survive inflammatory insult.
Multiple sclerosis & its therapies
The etiology and mechanisms of action of multi-
ple sclerosis (MS) are incompletely understood.
Disease strikes during early adulthood and
results in a combination of symptoms that can
include vision problems, fatigue, vertigo, tin-
gling and/or numbness of limbs, motor loss,
bladder/bowel dysfunction, motor dysfunction
and cognitive dysfunction. Disease is manifest in
either a relapsing–remitting or a chronic-pro-
gressive manner, or a combination of the two.
The varied and complicated disease pattern of
MS has made it difficult to understand its patho-
genesis, and it is likely that what is defined as MS
may actually include several disparate
diseases [1,2]. Although the underlying cause of
MS is unknown, it is believed that the disease is
autoimmune in nature, and that via mecha-
nism(s) triggered by a combination of genetic
and environmental (microbial, longitudinal/lati-
tudinal, nutritional and so on) factors, T cells
that are self-reactive to myelin epitopes become
activated and destroy myelin within the CNS [3].
Within the inflamed CNS, these myelin-reactive
T cells themselves, along with other inflamma-
tory cells and mediators, are believed to damage
axons that have been stripped of their myelin.
The loss of axon conductivity via myelin loss and
direct damage to unprotected axons result in the
clinical symptoms of MS [4–6]. Currently, MS
therapies are nonspecifically immunosuppres-
sive. Therapies that more specifically target the
cells and molecules mediating damage within the
diseased CNS are preferable, and various poten-
tial therapies of this kind are always under
investigation [7]. Since the body’s natural mecha-
nisms of CNS repair are inefficient, therapies

aimed exclusively at halting the inflammatory
process would, at best, only stop disease progres-
sion. The future of MS treatments is likely to
involve integrated therapies that not only control
inflammation within the CNS, but also promote
the body’s natural mechanisms of protection,
regulation and repair. Such treatments, which
would stop the inflammatory response as well as
encourage remyelination of demyelinated axons,
would hopefully lead to the restoration of
normal axon activity and clinical recovery.

One novel possible therapeutic target, only
very recently connected with MS, is the endo-
plasmic reticulum (ER) stress response (ERSR,
also known as the unfolded protein response
[UPR]). This response is a mechanism of cellu-
lar preservation and recovery from protein
build-up and misfolding within the ER, which
can be induced under chronic inflammatory
conditions. This cellular pathway, which effec-
tively buys the cell time and induces synthesis
of helpful proteins required to recover from
stress, eventually leads to apoptosis if cellular
homeostasis cannot be achieved. Thus, any
therapy that induces this pathway must be
designed with great care. 

ER stress response
Sources of cellular stress are various and include:
viral infection; UV irradiation; oxidative stress;
nutrient, heme or amino acid deprivation; and
starvation of other factors important for cellular
function. Any one of these stressors, or even nor-
mal activity in some cell types, can cause a build-
up of proteins within the ER of a cell. The ER
carries out the task of folding, modifying and
exporting proteins. When excessive cellular
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activity results in build-up of proteins within
the ER so that proteins are being folded in a
rushed and imperfect manner, the ERSR is trig-
gered. Generally, the ERSR elicits inhibition of
the translation of a majority of cellular proteins,
while upregulating the translation of a few key
proteins, including chaperones, ER-associated
degradation (ERAD) factors, those important
for amino acid biosynthesis and those that oth-
erwise aid in dealing with un- or mis-folded
protein buildup.

Current knowledge of the precise mechanisms
through which the ERSR functions has been dis-
cussed in detail elsewhere [8–10]. Here, we sum-
marize the ERSR, with particular attention paid
to key molecules and those proteins that we or
others have found to have possible links with MS
pathogenesis or potential treatments. 

The ERSR master regulator, immunoglobin
binding protein (BiP; also known as glucose-regu-
lated protein 78 [GRP78]), is normally bound to
three signal transducers: inositol-requiring kinase
1 (IRE1), activating transcription factor 6 (ATF6)
and PKR-like ER kinase (PERK) (Figure 1). When
BiP becomes associated with unfolded protein, it
releases IRE1, ATF6 and PERK, each of which
initiate an arm of the ERSR [11,12]. IRE1 dimerizes
upon release, auto-phosphorylates and, via X-box-
binding protein 1 (XBP1), initiates translation of
protein-degrading factors and chaperones [13].
ATF6 is cleaved into ATF6α and ATF6β within
the golgi, and both subunits subsequently traffic
to the nucleus and initiate expression of proteins
that will aid in handling the overload within the
ER, as well as expression of the proapoptotic fac-
tor C/EBP-homologous protein CHOP [14,15].
PERK also dimerizes and auto-phosphorylates
after release from BiP. Activated PERK phosphor-
ylates NF-E2-related factor 2 (Nrf2), which is
important in the antioxidant response, and
eukaryotic translation initiation factor 2, α-sub-
unit (elf2α), which is a key substrate that simulta-
neously inhibits translation of most proteins,
while initiating translation of proteins that will
allow proper folding or degradation of excess and
misfolded proteins [16,17]. Elf2α also activates
ATF4, which helps with metabolism so that the
cell can attempt to recover from stress, but also
activates CHOP. While there are other pro-apop-
totic molecules that are induced during the
ERSR, CHOP is required for ER stress-induced
apoptosis [18]. The ERSR initiates a positive feed-
back loop to further release BiP from its bound
proteins and, once released, BiP inhibits the
action of CHOP [19]. The purpose of the ERSR is

to protect the cell and give it a chance to recover
from over-extension. However, in the interest of
the organism as a whole, a cell that cannot recover
from ER stress efficiently must die; thus, the
highly regulated expression of CHOP. Therefore,
it is the balance between pro- and anti-apoptotic
factors, the levels and timing of expression of
which are determined by cell type, how long a cell
has been undergoing ER stress and how quickly
and efficiently it can recover, that dictate whether
a cell survives an ER stress event. The complex
nature of the ERSR thus poses a challenge to any
attempt to manipulate it during disease.

The ERSR has been linked to several diseases
other than MS, including Type 1 and 2 diabetes,
Alzheimer’s disease, Parkinson’s disease and oth-
ers [20–25]. PERK-/- mice, as well as humans pos-
sessing a particular mutation in the gene
encoding PERK (a condition known as Wolfram
syndrome) develop diabetes following β-cell
apoptosis that is due to an inability to cope with
ER stress in pancreatic islets [20,26]. Type 2 diabe-
tes could also occur during ER stress, because
peripheral resistance to insulin results in a higher
level of insulin production, followed by an over-
whelmed β-cell ER [20,27]. In neurological dis-
eases such as Parkinson’s and Alzheimer’s, cell
death within the CNS can be associated with a
failure of the ERSR to deal with misfolded pro-
teins or, in some cases, genetic mutations that
affect the ERSR [24,25]. In MS, disease patho-
genesis is not believed to be associated with such
mutations. There are aspects and outcomes of
the ERSR that could contribute to the patho-
logical mechanisms of MS, and there are those
that could counteract them. The induction of
apoptosis, for example, would be a desirable out-
come with respect to inflammatory cells infiltrat-
ing the CNS during disease, but not with respect
to CNS resident cells such as oligodendrocyte
progenitor cells (OPC), oligodendrocytes and
neurons. Therefore, it is important to determine
whether, and to what extent and within which
cell types, the ERSR is induced during MS.

ERSR in MS lesions
Potential triggers of the ERSR in MS
There are various potential triggers of the ERSR
prior to the onset of or during MS. These include
viral infections, stimulation from all of the inflam-
matory mediators present, many of which have
been documented to be ERSR-inducers [28–30], or
high ER protein load, which could occur in a cell
attempting to remyelinate axons. Recent studies
of RNA and protein levels have shown that ERSR
Therapy (2008)  5(5) future science groupfuture science group
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Figure 1. Expression levels of genes encoding endoplasmic reticulum stress response  
proteins are altered in experimental autoimmune encephalomyelitis lesions.
 

This schematic diagram of the ERSR pathway includes how expression levels of several of the genes encoding 
ERSR proteins are altered during EAE. EAE was induced by priming SJL mice with PLP 139–151 peptide 
emulsified in Freund’s complete adjuvant. At the peak of disease, lesion and peri-lesion regions of spinal cords 
from EAE mice, as well as comparable regions from the spinal cords of naive SJL mice, were collected by laser 
dissection, and a gene array was performed. The color and direction of the arrows indicate which genes were 
up- or down-regulated for each region in comparison with the others. Lesions consist of multiple cell types, and 
therefore these data may not give an accurate picture at a cellular level, and it is quite clear that the changes in 
gene expression within the pathway are heterogeneous. However, a trend for upregulation of genes that are 
important in activating pro-apoptotic signals such as ATF4 and ATF6 was evident within EAE lesion compared 
with peri-lesion and naive controls. Many of the genes in the PERK part of the ERSR pathway were 
downregulated in lesions. Further work at a protein level is required to confirm these data.
EAE: Experimental autoimmune encephalomyelitis; ERSR: Endoplasmic reticulum stress response; 
PERK: PKR-like ER kinase; PLP: Proteolipid protein.
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components can indeed be found in an elevated
state in and around MS lesions when compared
with normal tissues [31,32]. 

ERSR proteins can be detected in & 
around MS lesions
BiP, XBP1 and CHOP have been studied histo-
logically and found to be variously expressed
within MS lesions when compared with non-
affected white matter from MS patients, as well
as normal controls. A perfunctory morphological
analysis of cell-type-specific expression of these
markers indicated that these proteins were
expressed in macrophages, astrocytes and oligo-
dendrocytes [32]. More specifically, the pro-apop-
totic molecule CHOP, which was primarily
present only in areas of ongoing demyelination,
was expressed in most CD3+ T cells and macro-
phages, and in some astrocytes and oligodendro-
cytes [32]. There were CHOP+ cells that did not
fall into any of these categories, as well as cells in
each category that were not CHOP+, suggesting
that the microenvironment must play some role
in determining whether and to what extent a cell
will undergo the ERSR. The non-homogenous
expression of ERSR proteins in specific cellular
subsets may need to be addressed before clinical
applications involving the ERSR are developed. 

In human MS tissue, the edges of lesions
tended to show expression of BiP as well as
CHOP, while the centers of many lesions were
CHOP+ but BiP-, perhaps suggesting that the
drop in BiP at the center of a lesion signifies the
dominant expression of CHOP and resultant
apoptosis, and implying that a steady expression
of BiP to counteract CHOP may allow survival
of cells within the center of a lesion [32]. Effec-
tive control of these molecules by manipulating
the ERSR may prevent the growth or expansion
of lesions.

Harnessing the ERSR as a potential 
therapy in MS
A clear application for ERSR as a therapy for MS
is the promotion of the survival of oligodendro-
cytes and OPCs from inflammatory insult so
that they can maintain their protective myelin-
mediated contact to axons, or attempt to repair
demyelinated axons, respectively. In MS, evi-
dence of remyelinating activity is variably
present, with some patients exhibiting little
remyelination and others exhibiting a high level
[33]. However, even in patients with the highest
levels, remyelinating capacity appears to be insuf-
ficient to abrogate persistent clinical symptoms.

It is generally accepted that remyelination is car-
ried out by oligodendrocytes recently differenti-
ated from OPCs. For remyelination to occur,
OPCs must migrate to the demyelinated area,
then proliferate and mature into oligodendro-
cytes, which will contact demyelinated axons
and wrap them with myelin sheaths [34]. Mature
oligodendrocytes appear to lose most, if not all,
of their remyelinating abilities, but remain to
maintain previously deposited myelin [35]. It is
critical to determine what effect the ERSR has
on OPCs, as well as on mature myelinating
oligodendrocytes, if it is hoped that triggering
the ERSR may encourage remyelination itself, or
may be used in conjunction with other therapies
that induce remyelination.

With regard to the presence of oligodendro-
cytes, there are basically two types of MS lesions:
those in which few oligodendrocytes remain, and
some OPCs are present but appear to be ineffi-
cient at remyelination; and those with surviving
oligodendrocytes, to which OPCs are recruited
and significant remyelination occurs [36]. For the
former lesion, treatment would be aimed at pre-
venting total oligodendrocyte loss, while the lat-
ter lesions are presumably the ones that can
potentially be more completely repaired.

The ERSR is protective in a murine 
model of MS
In contrast to the viewpoint that ERSR is a dele-
terious response that is likely to induce CHOP-
mediated apoptosis in myelinating cells and neu-
rons, or at the very least is merely indicative of
damage [32], a more recent publication has viewed
the ERSR in MS in a more positive light. Using
the murine experimental autoimmune encepha-
lomyelitis (EAE) model of MS, our group, in col-
laboration with the Brian Popko laboratory
(Department of Neurology, University of Chi-
cago, IL, USA)  found that triggering the ERSR
via CNS-specific expression of IFN-γ was protec-
tive, and that protection was mediated by
enhanced survival of oligodendrocytes via the
activation of PERK [37]. In this case, IFN-γ
expression was induced before the onset of EAE.
It was concluded that the ERSR should be
explored from a therapeutic perspective, and
these findings were the first to point to a potential
benefit of inducing the ERSR during MS. 

IFN-γ expression in the CNS has also been
associated with increased levels of death in OPCs
in mice with an ongoing demyelinating insult
(EAE or cuprizone-induced demyelination) [38].
The discrepancy between these two findings, both
Therapy (2008)  5(5) future science groupfuture science group
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of which are from the same group utilizing the
same transgenic mouse strain, appears to be due to
the particular timing of the presence of IFN-γ, as
well as the metabolic state of the cells – that is,
how much of a protein load needs to be handled.
In the study in which CNS IFN-γ was protective,
IFN-γ expression was induced prior to disease
onset, while in the other study, IFN-γ expression
was induced after extensive demyelination had
occurred, and remyelination was presumably
ensuing. If an OPC is already attempting to myeli-
nate axons, its activity and the levels of protein
present may already have triggered the ERSR to
some extent, and further induction by IFN-γ may
exceed the threshold above which apoptosis is
induced. This would be particularly applicable if
the mechanism through which IFN-γ induces ER
stress involves protein overproduction, though it is
uncertain whether this is the case. On the other
hand, an oligodendrocyte that is maintaining
myelin, which does not require a high protein
expression level, would not experience the adverse
ERSR [37,39]. Regardless, in both cases, a deficiency
in PERK worsened disease outcome, indicating
that this ERSR component is induced and protec-
tive to some extent in inflammatory demyelinating
disorders [37,38]. 

From another perspective, the timing of stress
could be critically important, and indeed there is
evidence that a small amount of ER stress will pro-
tect from subsequent stress that is more intense
[40], so triggering the ERSR before the onset of
EAE may have been protective in part for this rea-
son. All of these factors add another level of com-
plexity to the induction and effects of the ERSR as
a possible therapy for demyelinating disease.

In order to determine the potential of ERSR-
based therapy, several things must be determined: 

• The effects of ERSR-triggering therapy on
cells other than oligodendrocytes and OPCs,
including neurons, other CNS-resident cells,
and peripheral inflammatory cells present in
MS/EAE lesions;

• The possibly additive or synergistic effects
on the ERSR of other complicating factors,
such as the presence of a microbial infection
during or around the time of treatment (par-
ticularly as such infections have been associ-
ated with relapses and/or exacerbation of
symptoms in MS);

• The best way in which to trigger the ERSR, as
administration of IFN-γ could have varied
effects. 

Cell type- and region-specific differences 
in response to ER stress
The ERSR has different effects in different cell
types. For example, virus-induced ER stress in a
neuron leads to apoptosis much more readily
than the same viral trigger in an astrocyte, a dif-
ference that can be attributed to a higher level of
BiP and other proteins that counteract CHOP
within astrocytes [41]. In fact, astrocytes have a
protein, old astrocyte specifically induced sub-
stance (OASIS), which aids astrocytes in resist-
ing ER stress-induced apoptosis [42]. Although
damaged neurons upregulate the protein
BBF2H7 for the same purpose, they appear not
to do so in response to every ER stress trigger [43].
More study of the induction of and resistance to
ER stress-related apoptosis in neurons is
required. As mentioned above, it appears that
OPCs and oligodendrocytes have differential
responses to ER stress as well, with the former
exhibiting more susceptibility to the induction
of apoptosis [37,38]. Whether cellular differences
in response to stress are due to deficiencies in
certain cells, distinct regulatory mechanisms, or
differences in cellular activity/maturation is not
clear. Additionally, regional (microenvironmen-
tal) differences in the extent to which a cell can
resist ERSR-induced apoptosis have been
reported [41]. Thus, it is critical to determine how
the various cell types present in and around an
MS lesion, at their various stages of activation
and maturity, will react to stress. 

Unless ER stress can be induced only in spe-
cific cell types during human disease, the extent
of its effects on other relevant cells must be
determined. It is critically important to remem-
ber that inflammatory, disease-driving cells
whose survival could also be aided by the ERSR
are present in the MS lesion, to the patient’s det-
riment. Therefore, it would be ideal to differen-
tially target cellular subsets in such a way that
pro-apoptotic ERSR signals are induced in
inflammatory cells, while a pro-survival balance
is kept in cells such as oligodendrocytes and
OPCs. 

ERSR & viral infections
It is well established that the ERSR is triggered
in various viral infections. This response is
largely detrimental to a virus due to the general
shut-down of host protein synthesis that occurs,
though at least one virus, human cytomegalo-
virus, has adapted to the fact that it triggers the
ERSR and turned it to its advantage [44].
635www.futuremedicine.com



REVIEW – Getts, Getts, Kohm & Miller 

636
There is a strong possibility that MS itself is
triggered by a viral infection, perhaps by virus-spe-
cific immune cells long after viral clearance, or per-
haps during acute or latent infection [3]. Relapses
in symptoms are strongly correlative with viral
infections as well, so it is possible that in humans,
other triggers of ER stress are occurring in MS
patients during relapse [45]. As discussed above, if a
cell is already undergoing some level of the ERSR,
a further trigger could tip the balance to apoptosis.
Conversely, a low level of virus-induced stress
present before a more intense stress trigger could
actually be protective against cell death [40]. Also, if
a virus is already manipulating the ERSR in some
way, its activities could have implications for the
effects of an ERSR-inducing treatment.

Strategies for eliciting the ERSR 
during disease
IFN-γ is a pleiotropic cytokine produced by both
T cells and natural killer (NK) cells during inflam-
matory events. It is generally regarded as an
inflammatory cytokine that is deleterious during
autoimmune diseases such as MS, though there is
also considerable evidence that it is required for
regulation and dampening of the immune
response [46–48]. IFN-γ has also been shown to
induce a protective anti-apoptotic effect in oligo-
dendrocytes [49]. Lin et al. showed that this
cytokine elicited PERK activation, resulting in
oligodendrocyte survival in the EAE model [37].
However, administration of IFN-γ to MS patients
results in exacerbation of disease, and it is there-
fore an impractical treatment [50]. Lin et al. did
not observe any effects on the immune system of
IFN-γ expression in the CNS prior to EAE in
their model, and were able to attribute the protec-
tive effects of CNS-specific expression of IFN-γ to
the activation of PERK [37]. Therefore, other
means of activating the ERSR as a whole, or
PERK specifically, should be investigated as
potential therapeutic agents. There are multiple
points along the ERSR pathway that can be tar-
geted, and any potential agents must first be tested
in animal models. As a first step in this direction,
it should be determined how various ERSR genes
and proteins are altered in EAE.

Identifying future ERSR 
therapeutic targets
To better understand the role of ERSR during
EAE, and in an attempt to uncover novel targets,
we have recently carried out a gene array analysis of
laser-dissected regions of the naive spinal cord,

lesions from the spinal cord of mice at the peak of
EAE, and peri-lesion regions (adjacent to inflam-
matory demyelinating lesions) from the same EAE
mice. Our results have identified several ERSR-
related genes that could be of interest from a thera-
peutic perspective. Figure 2 shows the fold changes
in ERSR genes that were analyzed in the array,
while Figure 1 indicates where the protein associated
with each gene falls in the ERSR pathway, and
whether these genes are up- or down-regulated. We
found that ATF6 was highly upregulated in EAE
lesions, both in comparison with naive tissue and
peri-lesion tissue, and that XBP1 was highly
upregulated in both peri-lesions and lesions to a
similar degree, compared with naive tissue. The
PERK arm of the ERSR, however, was generally
downregulated, with the exception of ATF4, which
was upregulated in lesions. Since ATF4, ATF6 and
XBP1 all induce CHOP, we propose that cells
within lesions may be undergoing CHOP-induced
apoptosis. Without the important translational,
metabolic and anti-oxidative effects mediated by
molecules downstream of PERK and elf2α, many
of the beneficial aspects of the ERSR may not be
active, and the balance may be tipped drastically
toward apoptosis in cells within lesions (Figure 1).
However, the actual gene expression of CHOP in
lesions, though decreased compared with peri-
lesions, was below that in naive tissue, so further
exploration of the presence of CHOP, particularly
over time, will be important. If PERK is indeed too
low in cells within EAE lesions, then, as found by
Lin et al. [37], exogenous sources of PERK activa-
tion would be protective by allowing the down-
stream targets of PERK to counteract ER stress
more efficiently within the CNS.

The reasons for an increase in some proteins of
the ERSR while others are decreased are not clear,
but further exploration of this disparity may pro-
vide us with important insights into EAE patho-
genesis. In addition, we have recently taken
lesions, as well as whole spinal cords from EAE
mice, to perform a protein array. The relative
amounts of the various proteins within the ERSR
pathway will also provide insight into possible
therapeutic targets, particularly with regard to the
PERK arm of this cellular response. We view these
results as a starting point for future experimental
work that will be aimed at investigating the effects
on disease, as well as different strategies for the
induction of PERK or molecules downstream of
PERK. Other proteins in this pathway or others
that could be induced or inhibited for therapeutic
benefit could also be identified in this manner.
Therapy (2008)  5(5) future science groupfuture science group
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Conclusion & future perspective
Manipulation of the ERSR has potential as a
therapeutic tool for MS. However, a more com-
plete molecular understanding of the potential
effects of using this varied and sensitive response
as a therapeutic target is required prior to initiat-
ing clinical studies. There are many questions
that need to be answered:

• Will this therapy be reasonably effective in
protecting from demyelination/enhancing
remyelination?

• Are the appropriate CNS populations affected
in the appropriate manner?

• How will inflammatory cells within the CNS
of a MS patient respond to an ERSR trigger?

• How will a potential virus infection affect
the ERSR?

It would be beneficial to be able to induce only
certain components of the ERSR, or to induce
only a partial ERSR. Treatments that would
inhibit CHOP while inducing the protective cel-
lular mechanisms of the ERSR would be ideal.
Alternatively, delivery of ERSR-inducing agents
to certain cell types would also be beneficial.
However, this may not be necessary, depending
on the trigger used and how different cell types
respond to a particular trigger.

It is apparent that curative therapies for MS
have to both inhibit inflammation, preferably in an
antigen-specific manner, as well as stimulate
myelin repair [51]. It is important to consider that
evidence exists suggesting a certain amount of
inflammation, probably in the form of certain
inflammatory cytokines such as TNF and IL-1β,
may be required for the initiation of remyelination

Figure 2. Expression of endoplasmic reticulum stress response proteins in 
experimental autoimmune encephalomyelitis and normal tissue. 
 

*Spinal cord lesions from EAE mice are compared with naive spinal cord regions.
‡Lesions from EAE mice are compared with peri-lesion regions from EAE mice.
§Peri-lesions from EAE mice are compared with naive regions.
Fold expression changes in mRNA of the indicated genes (name in parentheses indicates name of gene as it 
appeared on the array, if it differs from the commonly used name) in spinal cord lesions from EAE mice compared 
with naive spinal cord regions, lesions from EAE mice compared with peri-lesion regions from EAE mice and 
peri-lesion regions from EAE mice compared with naive regions. Gray boxes indicate that p < 0.01 among 
triplicate data values for a single sample, and fold change values therefore could not be reliably determined.
EAE: Experimental autoimmune encephalomyelitis.
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[34,52,53]. Whatever triggers elicit the ERSR may or
may not be able to contribute to the proliferation
and maturation of OPCs required for remyelinat-
ing activity. Therefore, multifaceted therapies that
include specific inhibition of disease-inducing
inflammatory cells, along with stimulation of the
ERSR for survival of oligodendrocytes and perhaps
some endogenous or exogenous inflammatory sig-
nal to stimulate remyelination by OPCs, could be
required for effective MS therapy.
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Executive summary

Multiple sclerosis & its therapies

• Current therapies for multiple sclerosis (MS) only downregulate the inflammatory responses, acting primarily as 
immunosuppressants and operating via unknown mechanisms.

• Therapies that are also aimed at helping the CNS resist demyelination and/or encourage remyelination need to be investigated.

The endoplasmic reticulum stress response

• The endoplasmic reticulum (ER) stress response pathway (ERSR) is triggered when proteins build up and/or undergo improper 
folding and modification within the ER.

• During this response, the translation of most proteins is inhibited, while translation of protein chaperones and degraders, amino acid 
synthesis and prosurvival molecules are upregulated in an attempt to recover from stress and properly fold or discard excess proteins.

• Eventually, if necessary, apoptosis is induced as a result of the ERSR.

The endoplasmic reticulum stress response in multiple sclerosis lesions

• There are many potential triggers of the ERSR during (or prior to) MS.
• ERSR proteins can be detected in MS lesions, with variations in the levels and types of proteins depending on the type and region 

of the lesion.

Harnessing the ERSR as a potential therapy in MS

• The ERSR is protective in a murine model of MS.
• There are cell type- and region-specific differences in response to ER stress.
• The ERSR is triggered by microbial infections, which may complicate matters within the context of MS treatment, as symptomatic 

relapses are often associated with infection.
• Strategies for eliciting the ERSR during disease must be approached with care, as they could have opposing effects on various cells 

and/or cellular processes.

Identifying future ERSR-related therapeutic targets

• We have identified several ERSR genes that are differentially expressed in experimental autoimmune encephalomyelitis (EAE) 
tissue using a microarray approach.

• PERK and several of its downstream effectors are particularly downregulated in EAE lesions compared with normal tissue, while 
molecules that activate CHOP are upregulated.

Conclusion

• All of the potential effects of using the ERSR in a therapeutic mode must be considered, as each of the cells present within the 
diseased CNS (including those cells contributing to inflammation and damage, as well as those attempting to repair damage) will 
be affected in some way by the induction of this cellular response.

• The utilization of responses such as the ERSR, which is a natural mechanism of regulation and repair, would be preferable to more 
synthetic therapies, but it is important to have realistic and safe strategies for their administration.

• The ERSR may play multiple roles in diseases such as MS. Understanding these potential roles may be key to better understanding 
of this complicated disease.

• Although myelin-specific inflammatory cells clearly need to be suppressed or eliminated to slow or halt the progression of MS, 
some level of inflammation is likely to be necessary if oligodendrocytes and their progenitors are expected to actively remyelinate 
demyelinated axons. Therapeutic strategies that take all of these parameters into account could lead to more effective therapies 
for demyelinating disorders.
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